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p^' Abstract 



We consider the gluon dipole penguin operator contributions to e'/e and CP 
violation in hyperon decays. It has been proposed by Bertolini et al. that the 
contribution to e'/e may be significant. We show that there is a cancellation 
in the leading order contribution and this contribution is actually suppressed 
by a factor of order 0(m^,?Ti|^)/A^. We find that the same operator also 
contributes to CP violation in hyperon decays where it is not suppressed. The 
gluon dipole penguin operator can enhance CP violation in hyperon decays 
by as much as 25%. 



Typeset using REVT^ 



In this paper we study the gluon dipole penguin operator scr'^''t"G'°j,(l— 75)^ contributions 
to e'/e and CP violation in hyperon decays in the Standard Model (SM). The effective 
AS = 1 Hamiltonian at leading order can be parametrized as 

Heff = ^Vu,v:, y: a(/i)g.(/x) , (1) 

where the sum is over the effective operators i = 1 — 10 defined in Ref. [|l|, and the operators 



eQd 
167r2 



^12 = ^rnJa^'-F^^il - ^,)d , (2) 



where G^'^ and F^'^ are the gluon and photon field strengths, respectively. t°- is the SU{3)c 
generators normalized as Tr{tH^) = 5"^ /2. C^ = Zi + yiT with r = -VtdV^jVudV*,. CP 
violation is proportional to yi. The QCD corrected coefficients yi in the SM have been 
evaluated in Ref. |jl| and Ref. 0. In our later calculation we will use the values in Ref. 
0] for yi. The contributions to e'/e ||l]] and CP violation in hyperon decays ^^ from the 
operators Qi — Qio have been extensively studied before. The contributions to e'/e from 
Qu^u have been considered recently by Bertolini et al. 0. The dominant contributions come 
from the internal top quark. It was claimed that the contribution from Qu is sizable, while 
the contribution from Q12 is negligible. In this paper we reconsider the Qu contribution to 
e'/e and also consider the contribution to CP violation in hyperon decays. We find that there 
is a cancellation in the contribution to e'/e and the result obtained in Ref. [0] is strongly 
suppressed. There are substantial contributions to CP violation in some of the hyperon 
decays. 
Contribution to e'/e 

The parameter e'/e is a measure of CP violation in Kl,s ~^ Stt decays. It is defined as 

(6 - eo) , (3) 
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where e ~ 2.27 x 10 3g«'r/4 jg ^^le CP violating parameter in K^ — K^, 5i are the strong 
rescattering phases, \ReA2/ ReAQ\ ^ 1/22, and ^i = ImAi/ReAi. Here Aq and A2 are the 



decay amplitudes with 1 = and 2 in the final states, respectively. In order to evaluate the 
Qii contribution to e'/e, one needs to calculate the matrix element < TT^7r^\Qii\K^ >. Qu 
is a A/ = 1/2 operator which contributes to ImAo only. If one uses the naive PCAC result 
as in Ref. 0, one obtains 

— O Tfl r — n 

< 7r+7r-|gn|i^° >= ,,\/^, \< OlJa^.f^ 6^^/10 > + < 0\-sa^XG^''s\0 > , (4) 

where f-,^ = 132MeV and Jk = IQlMeV. The matrix element on the right-hand side of 
eq.(3) can be related to the quark condensation by 

g, < Olga^XGTglO >= ml < 0\qq\0 > , (5) 

where ml ~ 1 GeV"^ @ is a phenomenological constant. Using 

<0\uu + ss\0>=- ^^""^ , (6) 

and < 0|(ici|0 >=< 0|-uu|0 >, one finally obtains 

167r2(m„ + ms) f^ 

One also has, < 7T^7T^\Qn\K^ >=< n+7i-\Qn\K^ >■ 

Using the matrix element in eq.(7), a quite large contribution to e'/e was obtained in 
Ref. 0. They find that Qu contributes between (2 ~ 3) x 10~^. It weakly depends on the 
top quark mass m,t for nit between 100 GeV to 250 GeV. We would like to point out that 
the naive PCAC result obtained above is not correct. The calculation in Ref. is only part 
(Fig. l.a) of the contributions. An important "tadpole" contribution (Fig. l.b) was not 
considered in the analysis of Ref. 0. This contribution cancels exactly the PCAC result 
obtained above. The net contribution is much smaller. The situation is the same as for e'/e 
in the Weinberg model of CP violation [|3,§[. The importance of the "tadpole" contribution 
was first noticed by Donoghue and Holstein |^ in the Weinberg model of CP violation. We 
now calculate these contributions in the SM. 

The leading order chiral realization of Qu for K^ — > nn is 



L = aTr{\e + iX7)U) + H.C. . (8) 

The conventional parametrization of U is given by f/ = exp{—iAt°'(j)°'/fT^) with cj)"- being 
the fields of the pseudoscalars. In our discussion we follow Ref. P] using a more general 
parametrization of U. To fourth power in the meson fields, there is a free parameter a^ [§0, 

u = i + z|-(2t"r) - ^^{2t'^r? - ^5(2rr)2 + '^^'"'~^\ 2erY + - (9) 

/i" J-K Jit Jit 

The conventional parametrization corresponds to 03 = 4/3. The on-shell amplitudes should 
not depend on 03. The effective lagrangian in eq.(8) will not only generate the direct K ^ 2ti 
amplitude (Fig. l.a), but also generate a non-zero K —>■ vaccum transition amplitude. 
This non-zero K —>■ vaccum transition amplitude, when combined with the strong RttKit 
amplitude AstrongiKKir'^TT^) with one K off-shell with g^ = 0, will also generate a -ft' ^ 27r 
amplitude as show in Fig. l.b. The total amplitude for K -^ 27i from Qu is the sum of 
contributions from Fig. l.a and Fig. l.b. We have 

A totaiiK' ^ n\') = Aifzg.l.a) + A{figA.b) 

= A(irO ^ 7r%')\fig.i.a + Astrong{Km^7r%'')^A{K'' ^ vaccum) , (10) 

< nir] - H,ff{Qu)\K^ >, and H,ff{Qu) = -t^ynIm{VtdV*)Qn. 



) = -i^y,Jm{VuVl)UV2^-£^AK-. , 

Gf j ,^r ..*^9sms7 
-j=yuIm{VtdVtJ^^AK^ , 

Here Ak^ = -i < ^x^\sa^"'2t''Gl^{l - -i^)d\K^ >. Note that A{K^ -^ 7r°7r°) is a^ dependent, 
which can not be the final answer. Additional contribution from Fig. l.b has to be consid- 
ered. What has been evaluated in Ref. [0 conrresponds to A{figA.a) with 03 = 2. itIsAk-k 



where A{K^ - 


-^ mr) = 


=< mr\ — f 


We have 
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— i> vaccum 




A(i?° 


-^n') = - 
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-. n\') = 



has been calculated to be 0.11 ~ 0.17 GeV in the MIT bag model |]rU|. Using this value 



one obtains approximately the same numerical value for A{fig.a) as obtained in Ref. 



To calculate the contribution from Fig. l.b, one needs to know the strong KttKtc am- 
plitude Astrong- This cau be obtained from the leading chiral largrangian 

L = l^lTrd^Ud^U + BTr{MU + U^ M)] , (12) 
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where M = Diaginiu ^trid ^tris) is the quark mass matrix and i? is a constant. From this 
we obtain P,|| 

2 
Astrongi-K K TT 71 ) = JpY ' ^ ^ 

Here we have set the momentum of K annihilated into the vacuum to be zero and others to 
be on-shell (Of course the on-shell Agtong is as independent.). Inserting eq.(13) into eq.(lO), 
we find the 03 dependent contribution from Fig. l.b cancels exactly that from Fig. l.a. To 
this order, there is no contribution to e'/e from Qn. However, the cancellation may not be 
complete due to higher derivative terms in chiral perturbation theory. Unfortunately, one 
does not know how to calculate higher-order contributions to the matrix elements. One can 
define a suppression factor D, 

AtotaiiK^ ^ ttOttO) = A{ftgA.a)D . (14) 

The suppression factor should be of order 0(p^)/A^ ^ 0{m\, m^)/ K^ fill- Here A :^ 1 GeV 
is the chiral symmetry breaking scale. The contribution is suppressed by a factor of 0.3 or 
even more. The contribution from Qn calculated in Ref. [0 correspond io D = 1. 

We list the results for D = mj^/A"^ in Table 1, but note that the sign of the contribution 
is unknown. The parameter Im{VtdV^*) is constrained by the parameter e from K^ — K^ 
mixing. Unfortunately it is not completely fixed. It can vary between 3 x 10~^ to 10~^ for 
top quark mass uit about 100 GeV and 2 x 10^^ to 0.5 x 10^^ for nit about 200 GeV |11]]. In 
Table 1, following Ref. 0, we use an approximation ImiytdYtg) = 2.77 x 10~'^(mj/m^)~°-^^^ 
as the central value. We see that the effect of Qu is generally insignificant, but becomes 
important when the contribution from Qi — Qio become small due to cancellations for rrit 
around 200 GeV. 



CP violation in hyperon decays 

CP violation in hyperon decays in the SM has been studied before 0-§|]. The Qu 
contributions were not included, and we now turn to study these contributions. Non-leptonic 
hyperon decays proceed into both S-wave (parity-violating) and P-wave (parity-conserving) 
final states with amplitudes S and P, respectively. One can write the amplitude in the rest 
frame of the initial baryon as 

Amp{Bi -^ BfTi) = S + Pa-q, (15) 

where q is the momentum of pion. It is convenient to write the amplitudes as 

i 
i 

to explicitly separate the strong rescatering phases 5i and the weak CP violating phases 
0j. In the rest frame of the initial baryon, one particularly interesting observable is the 
asymmetry A defined in Ref. |Q 

A = ^^, (17) 

a — a 

where a = 2Re{S*P)/{\S\'^ + l-Pp), and a is the corresponding quantity for anti-hyperon 
decays. A non-zero A signals CP violation. In this paper we will concentrate on the study of 
A. The results can be easily generalized to other CP violating observables defined in Ref. [Q. 
We will calculate the CP violating observable A for A — » A^vr and S — ^ Avr. Since to leading 
order the observables A(A° ) and ^(Hl) for A -^ pn^ and S^ -^ Avr^ are the same as ^(Aq) 
and A(Hq) for A — > rnr^ and rP — > Avr^, respectively, we choose to work with A — * rnr^ and 
S° -^ Att^ decays. 

For the same reason as for the K ^ 27t amplitude, when evaluating the S-wave amplitude, 
one should also include the contributions from the direct contribution of Fig. 2. a and the 
"tadpole" contribution of Fig. 2.b. We have HJT^ 
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(18) 



(19) 



fig.2.b 



We use pole model to calculate the P-wave amplitudes. For consistency, one should include 
both the baryon and Kaon poles |[12|. The "tadpole" contribution from Fig. 2.b in the 
S-wave amplitude and the Kaon pole contribution in the P-wave amplitude are both sizable. 
However, the CP violating observable A depends on the difference between the S-wave 
phase (p^ and the P-wave phase 0^. There is substantial cancellation between the "tadpole" 
contribution in the S-wave and the Kaon pole contribution in the P-wave. 

The contributions to CP violation in hyperon decays from the same operator Qu have 
been studied in the Weinberg model 0,0. We can use some of the results from there. 
However in the Weinberg model the CP violating parameter e in the K^—K^ is also generated 
by the operator Qu through long distance tt, 77 and rj' pole contributions, the coefficient 
CiiiWeinherg) of Qu is fixed. In our case, the contribution to e from Qu is small. To 
obtain the CP violating phases in the decay amplitudes, we can repeat the MIT bag model 
calculations in Ref. 0. In fact we can obtain the phases by replacing the matrix element 
< 7r°| - ^Ini{V*^VusCl]^{W einher g))Q\i\K^) > in the Weinberg model by the SM matrix 

as 



element, < 7r°| — Hlfr(Qii)\K^ >, and rescale the phases. We define the rescaling factor R 



R 



<n^\-Hl,JQu)\K'> 



rOI 



< ^u| _ ^lm{V:aVusCUWetnberg))QUK^) > 



(20) 



Here we have used < 7r°| - ^Im{V*aVusCl^{Weinberg))Q\^\K°) >= 5.8 x lO-^i GeV^ §. 
We will follow Weinberg to use gs ~ Am j \f^ fl^. The CP violating phases in hyperon decays 



from Qii in the SM are now obtained by multiplying R to the phases obtained in Ref. |^ 
for the Weinberg model. 

In Table 2 we list the CP violating observables A for A and S decays from different 
operators. From Table 2, we see that the Qii contribution to CP violation in A — > A^vr is 
negligible. However the contribution to CP violation in S — i> Att can be important. The 
result is to enhance CP violation in S decays by about 17%. If we use the upper value of 
0.17 GeV^ for msAKn, the enhancement will be 25%. The allowed regions for A{A) and A^E) 
without the contributions from Qn are 3 x 10~^ ~ 0.4 x 10"^ and 5.3 x 10"^ ~ 0.7 x 10"^. 
With the new contributions from Qu the allowed region for A{A) is not changed, but the 
allowed region for A(S) becomes to 6.6 x 10~^ ~ 0.7 x 10"^. This may be tested in the 
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TABLES 



TABLE L e'/e x 10"^ for Im{VtdVtl) = 2.77 x lQ-'^{mj/m'^) 



-0.365 



mt(GeV) 


130 


170 


200 


230 


A4 = 200 MeV 

Qi - Qio 

Qu 


6.3 
0.65 


2.8 
0.58 


0.7 
0.5 


-1.4 
0.48 


A4 = 300 MeV 

Qi — Qio 
Qu 


7.8 
0.73 


3.6 

0.63 


1.0 
0.55 


-1.7 
0.50 



TABLE IL ^ X 


10^ for Im{VtdVt*) 


= 2.77 X 10-''(m2/m^)~°-365 ^^^ ^^^^ 


Kn = 0.12 GeV^. 


mt(GeV) 


130 


170 


200 


230 


A4 = 200 MeV 










A(AO)(Qi-Qio) 


-1.5 


-1.3 


-1.1 


-1.0 


A(A°-)(Qii) 


-0.043 


-0.037 


-0.033 


-0.031 


A{EZ){Qi-Qio) 


-2.6 


-2.2 


-1.9 


-1.8 


A{EZ){Qn) 


-0.55 


-0.47 


-0.41 


-0.40 


A4 = 300 MeV 










A{A^_){Qi - Qio) 


-2.0 


-1.7 


-1.5 


-1.4 


A(A°-)(Qii) 


-0.046 


-0.039 


-0.034 


-0.032 


A{EZ){Qi - Qio) 


-3.4 


-2.9 


-2.5 


-2.3 


A{EZ){Qn) 


-0.58 


-0.50 


-0.44 


-0.40 
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l.a 



Lb 



Fig. 1. Contributions to K ^ mr amplitude. Here W and 
St indicate weak and strong interactions, respectively. 





2.a 



2.b 



Fig. 2. Contributions to the S-wave Bi -^ Bj-k amplitudes. 
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